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(57) ABSTRACT

Disclosed 1s a method for providing a multicast service when
an MN performs handoff from a first AR to a second AR in a
mobile IP communication system including the first AR and
second AR. The MN 1s a source node for providing the mul-
ticast service to a number of receivers and currently performs
communication with the first AR. The second AR 1s different
from the first AR. The method includes the steps of sending a
request for information for fast handoif to the first AR at the
MN, notifying the MN at the first AR whether the second AR
can provide the multicast service in response to the fast hand-
oif information request, notifying the first AR at the MN that
the second AR must transmit subsequently-occurring multi-
cast service data after the MN 1s notified whether the second
AR can provide the multicast service, notifying the second
AR of handoff mitiation of the MN at the first AR when the
MN 1s notified that the second AR must transmit subse-
quently-occurring multicast service data, notifying the first
AR of handoil in1tiation notification acknowledgement at the
second AR after the second AR i1s notified of the handoil
initiation, and notifying the receivers at the first AR that the
MN has performed handoil from the first AR to the second
AR when the first AR 1s notified of the handoif mnitiation
notification acknowledgement so that the recetvers are con-
trolled to rejoin a multicast tree to be provided with the
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METHOD FOR PROVIDING MULTICAST
SERVICE ACCORDING TO HANDOFF OF

SOURCE NODE IN MOBILE INTERNET
PROTOCOL COMMUNICATION SYSTEM

PRIORITY

This application claims priority to an application entitled
“Method for Providing Multicast Service According to Hand-
off of Source Node in Mobile Internet Protocol Communica-

tion System™ filed with the Korean Intellectual Property
Office on Nov. 9, 2004 and assigned Serial No. 2004-91118,
the contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1invention relates to a communication system
using a mobile Internet protocol (mobile IP) scheme (mobile
IP communication system), and more particularly to amethod
for providing a multicast service according to handoif of a
mobile node (MN) functioning as a source node.

2. Description of the Related Art

In general, when an MN hands off in using a mobile IP
scheme, time delay caused by the handoif results in packet
data loss. In an attempt to minimize such packet data loss, a
fast handoff mode has been proposed, wherein time delay
needed by an MN to perform handoif 1s minimized so that
packet data loss 1s minimized accordingly.

In a multicast service scheme provided by a mobile IP
communication system, packet data 1s multicast using an IP
address reserved for a multicast service of packet data, 1.¢. a
multicast service IP address. Particularly, when packet data 1s
transmitted via a network 1n the multicast service scheme, a
receiver receives the packet data only after referring to a
destination IP address of the packet data and confirming that
it 1s 1dentical to a multicast service IP address of desired
packet data. In the multicast service scheme, a transmutter (1.¢.
source node) can simultaneously transmit packet data to a
number of receivers 1n a single process (1.e. 1t can multicast
packet data). This avoids waste of network resources caused
by repeated transmission of the same data packet.

When the multicast service scheme 1s used, paths must be
established between a transmitter, which transmits packet
data, and recervers, which receive the packet data, in a tree
scheme. The tree scheme 1s generally classified into a source-
based tree scheme and a shared tree scheme. When the
source-based tree scheme 1s used to establish paths between
the transmitter and receivers, optimal paths are maintained
between them and time delay decreases. In contrast, when the
shared tree scheme 1s used to establish paths between the
transmitter and receivers, a single path 1s shared 1n a prede-
termined range from the transmitter to the recervers.

The above-mentioned fast handoif scheme 1s applied when
MNs transmit/recetve packet data using a conventional
mobile IP scheme. When handoif 1s performed while an MN
provides or 1s provided with a multicast service using the
multicast service scheme, packet data loss due to time delay
caused by the handoil occurs 1n the same manner as when
MNs transmit/recerve packet data using a conventional
mobile IP scheme.

FIG. 1 briefly shows handoil operation of an MN, which
provides a multicast service in a conventional IP communi-
cation system.

Prior to a description of FIG. 1, it 1s to be noted that various
studies are currently 1n progress to minimize time needed by
an MN to hand off, which provides a service 1n a conventional
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mobile IP scheme or fast mobile IP scheme, and resulting
packet data loss. However, few studies have been conducted

to minimize time needed by a multicast service-providing
MN (source node) to hand off, and this results packet data
loss.

Referring to FIG. 1, while performing communication with
an access router (AR) 110 (AR#1) 1 its service region, an
MN 100 for providing a multicast service (1.e. source node)
hands off 1nto a service reglon of another AR 120 (AR#2). As
the MN 100 hands off from the AR 110 to the AR 120,
receivers recerving the multicast service from the MN 100,
particularly, receivers 150, 160, and 170 (R#1, R#2, and R#3)
must newly construct a multicast tree on the MN 100 (1.c.
source-based tree), because the source node providing the
multicast service has handed off.

However, it takes a long time to reconstruct a source-based
tree 1n current mobile IP communication systems, because
little consideration 1s given regarding how to reconstruct a
source-based tree when a multicast service-providing source
node hands off. Particularly, when a source node performs
handotf, a new AR, to which the source node has handed off,
must recognize that the source node 1s a multicast service
provider, but recetvers cannot recognize the handoif of the
source node. As a result, multicast service data, received
during time delay caused by handoil and as the recervers join
a new source-based tree following the handoif, 1s inevitably
lost. Even when a fast handoil scheme 1s used to minimize
time delay caused by handoil of the source node, the source
node 1s still obliged to reconstruct a source-based tree, in
order to provide a multicast service alter performing the
handoif. The resulting loss of multicast service data 1s 1nevi-
table.

In summary, time delay caused by handoil of a source node
and reconstruction of a source-based tree result 1 loss of
multicast service data and degrades the overall performance
of mobile IP communication systems.

SUMMARY OF THE INVENTION

Accordingly, the present invention has been made to solve
the above-mentioned problems occurring 1n the prior art, and
an object of the present invention 1s to provide a method for
providing a multicast service according to handoif of a source
node 1n a mobile IP communication system.

Another object of the present invention 1s to provide a
method for constructing a tree for providing a multicast ser-
vice at high speed according to handoil of a source node 1n a
mobile IP communication system.

In order to accomplish these objects, there i1s provided a
method for providing a multicast service when an MN per-
forms handoil from a first AR to a second AR 1n a mobile IP
communication system including the first and second ARs,
the MN being a source node for providing the multicast
service to a number of recervers and currently performing,
communication with the first AR, the second AR being dii-
ferent from the first AR, the method including the steps of
requesting information for fast handott to the first AR by the
MN; notifying the MN wvia the first AR if the second AR can
provide the multicast service in response to the fast handoif
information request; notifying the first AR via the MN that the
second AR must transmit subsequently-occurring multicast
service data after the MN 1s notified whether the second AR
can provide the multicast service; notifying the second AR of
handoif initiation of the MN wvia the first AR when the MN 1s
notified that the second AR must transmit subsequently-oc-
curring multicast service data; notifying the first AR of hand-
off initiation notification acknowledgement via the second
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AR after the second AR 1s notified of the handofl 1nitiation;
and notifying the receivers via the first AR that the MN has
performed handoif from the first AR to the second AR when
the first AR 1s notified of the handoil initiation notification
acknowledgement so that the receirvers are controlled to
reconstruct a tree to be provided with the multicast service.

In accordance with another aspect of the present invention,
there 1s provided a method for providing a multicast service
when an MN performs handoif from a first AR to a second AR
in a mobile IP communication system including the first and
second ARs, the MN being a source node for providing the
multicast service to a number of receivers and currently per-
forming communication with the first AR, the second AR
being different from the first AR, the method including the
steps ol requesting information for fast handoit to the first AR
when recogmzing that handoif from the first AR to the second
AR 1s necessary; recerving notification of whether the second
AR can provide the multicast service from the first AR after
requesting the fast handoil information; notifying the first AR
that the second AR must transmit subsequently-occurring
multicast service data alter receirving the notification of
whether the second AR can provide the multicast service;
notifying the first AR of transmission of the second AR via the
second AR after notitying the first AR that the second AR
must transmit subsequently-occurring multicast service data;
and notifying the receivers via the first AR that the MN has
performed handoil from the first AR to the second AR after
notifying the first AR of transmission of the second AR by the
second AR and transmitting the multicast service data to the
receivers via the MN so that the recetvers are controlled to
receive the multicast service data via a new multicast tree
re-joined by the receivers.

In accordance with another aspect of the present invention,
there 1s provided a method for providing a multicast service
when an MN performs handoif from a first AR to a second AR
in a mobile IP communication system including the first and
second ARs, the MN being a source node for providing the
multicast service to a number of receivers and currently per-
forming communication with the first AR, the second AR
being different from the first AR, the method including the
steps ol requesting information for fast handoit to the first AR
by the MN; notitying the MN wvia the first AR whether the
second AR can provide the multicast service in response to
the fast handoif information request; disconnecting the MN
from the first AR and setting up connection of the MN to the
second AR after the MN 1s notified 11 the second AR can
provide the multicast service; notitying the second AR via the
MN that the MN has been disconnected {rom the first AR and
connected to the second AR together with information indi-
cating that the second AR must transmit subsequently-occur-
ring multicast service data to the first AR after setting up
connection of the MN to the second AR; and notifying the
receivers via the second AR that the MN has performed hand-
off from the first AR to the second AR after the second AR 1s
notified that the MN has been connected to the second AR so
that the receivers are controlled to reconstruct a tree to be
provided with the multicast service.

In accordance with another aspect of the present invention,
there 1s provided a method for providing a multicast service
when an MN performs handoif from a first AR to a second AR
in a mobile IP communication system 1ncluding the first AR
and second AR, the MN being a source node for providing the
multicast service to a number of receivers and currently per-
forming communication with the first AR, the second AR
being different from the first AR, the method including the
steps of requesting information for fast handoif to the first AR
when recognizing that handoif from the first AR to the second
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AR 1s necessary; recerving notification of whether the second
AR can provide the multicast service from the first AR after
requesting the fast handoil information; performing discon-
nection from the first AR and setup of connection to the
second AR after recerving notification of whether the second
AR can provide the multicast service and notifying the second
AR of disconnection from the first AR and completion of
connection to the second AR together with information indi-
cating that the second AR must transmit subsequently-occur-
ring multicast service data to the first AR; and notifying the
receivers via the second AR that the MN has performed hand-
ofl from the first AR to the second AR aiter notifying that the
MN has been connected to the second AR and transmitting the
multicast service data to the receivers by the MN so that the
receivers are controlled to recerve the multicast service data
via a new multicast tree rejoined by the receivers.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features, and advantages of
the present invention will be more apparent from the follow-
ing detailed description taken 1n conjunction with the accom-
panying drawings, in which:

FIG. 1 brietly shows handoil operation of an MN, which
provides a multicast service 1n a conventional mobile IP com-
munication system;

FIG. 2 brietly shows handoil operation of an MN, which
provides a multicast service 1n a mobile IP commumnication
system according to first and second embodiments of the
present invention;

FIG. 3 shows the tlow of signals 1n a process for providing,
a multicast service according to handoil of an MN, which
provides a multicast service 1n a mobile IP communication
system according to a first embodiment of the present inven-
tion;

FIG. 4 1s a flowchart showing operation of an MN 300
shown 1n FIG. 3;

FIG. § shows the flow of signals 1n a process for providing,
a multicast service according to handoil of an MN, which
provides a multicast service 1n a mobile IP communication
system according to a second embodiment of the present

invention; and
FIG. 6 1s a flowchart showing operation of an MN 3500
shown 1n FIG. 5.

DETAILED DESCRIPTION OF THE
EMBODIMENT

PR.

L1
=]

ERRED

Heremafiter, preferred embodiments of the present inven-
tion will be described with reference to the accompanying
drawings. In the following description of the present mnven-
tion, a detailed description of known functions and configu-
rations ncorporated herein 1s omitted to avoid making the
subject matter of the present invention unclear.

The present invention proposes a method for providing a
multicast service according to handoil of a source node 1n a
mobile Internet protocol(IP) communication system. In the
following description of the present invention, 1t 1s assumed
that a mobile node(MN) acts as the source node.

More particularly, 1n order to mimimize multicast service
data loss caused by handoil of an MN, the present invention
proposes a method for providing a multicast service including
the following procedure: (1) an MN informs a serving access
router(AR) or previous AR (PAR), to which 1t currently
belongs, that 1t 1s now a multicast service provider; (2) when
the MN performs handoil from the PAR to a target AR or new
AR (NAR), the PAR informs the NAR that the MN 1s the
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multicast service provider; (3) after the NAR determines a
new care-ol address (NCoA) of the MN, the PAR or NAR
provides recervers receiving the multicast service with hand-
off information of the MN 1n conformity with a preset handoif
scheme of the mobile IP communication system, so that they
can create a tree beforehand; and (4) upon performing hand-
off, the MN provides the recervers with a multicast service via
the created tree.

It 1s assumed 1n the present invention that a tree 1s created
using a source-based tree scheme and every AR constituting,
a mobile IP communication system supports multicast ser-
vice routing for multicast service support. In addition, in
order to support fast handoil of an MN and multicast service
provision, every AR constituting the mobile IP communica-
tion system 1s assumed to be informed of neighboring ARs, as
well as whether or not they provide a multicast service.

FIG. 2 briefly shows the handoil operation of an MN,
which provides a multicast service 1n a mobile IP communi-
cation system according to first and second embodiments of
the present invention.

Prior to descriptions with reference to FIG. 2, it 1s to be
noted that the operation for providing a multicast service
according to handoif of the MN varies depending on whether
the handoil scheme used in the mobile IP communication
system 1s a predictive fast handoff scheme or a reactive fast
handoil scheme. In the first embodiment of the present inven-
tion, a method 1s proposed for providing a multicast service
according to handoif of an MN when a predictive fast handoif
scheme 1s used 1n a mobile IP communication system and, 1n
the second embodiment of the present invention, a method 1s
proposed for providing a multicast service according to hand-
off of an MN when a reactive fast handoil scheme 1s used 1n
a mobile IP communication system. In addition, 1t 1s assumed
that four AR’s shown 1n FIG. 2, particularly, AR’s 210, 230,
270, and 280 (AR#1, AR#2, AR#3, and AR#4) support IP
version 6 (IPv6) schemes and handoif schemes, particularly a
predictive fast handoff scheme and a reactive fast handoif
scheme.

Operation for providing a multicast service according to
handoil of an MN according to a first embodiment of the
present invention will now be described.

As a source node, an MN 200 provides receivers with a
multicast service 1n a service region of an AR 210 (PAR).
When the MN 200 recognizes that 1t 1s to hand off from the
AR 210 to an AR 230 (NAR) while providing the multicast
service, 1t transmits/recerves a router solicitation for proxy
(RtSolPr) message and a proxy router advertisement
(PrRtAdv) message to/from the AR 210 (step 202) to confirm
whether or notthe AR 230 provides the multicast service. The
RtSolPr and PrRtAdv messages will be described later more
specifically, and detailed description thereot will be omitted
herein.

The MN 200 transmits a fast binding update (FBU) mes-
sage to the AR 210—which includes information on whether
or not the MN 200 provides a multicast service, 1s a host (1.e.
source node) that provides the multicast service, and infor-
mation on the multicast service provided by the MN 200 and
initiates fast handoif (step 204). The FBU message will be
described later more specifically, and detailed description
thereol will be omitted herein for sake of clarity. After recev-
ing the FBU message from the MN 200, the AR 210 adds the

information on the multicast service, which 1s included 1n the
FBU message, to a handoil 1

initiation (HI) message and trans-
mits 1t to the AR 230 (step 222). Upon recerving the HI
message, the AR 230 transmits a handover acknowledgement
(HACK) message to the AR 210 as an acknowledgement
message to the HI message (step 224). The HI and HACK
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6

messages will be described later more specifically, and
detailed description thereot will be omitted herein for sake of
clanty.

When the AR 210 receives the HACK message from the
AR 230, 1t notifies the recervers, which are provided with the
multicast service from the MN 200, that the MN 200 1s about
to hand off from the AR 210 to the AR 230 (step 212). In
contrast, when the MN 200 has already been disconnected
from the AR 210, the AR 230 mustnotify the receivers, which
are provided with the multicast service from the MN 200, that
the MN 200 has handed oif from the AR 210 to the AR 230
(step 227). This step will be described later more specifically,
and detailed description thereof will be omitted. The MN 200
transmits multicast service data after the AR 210 or 230
notifies the recetvers, which are provided with the multicast
service from the MN 200, that the MN 200 has handed off
from the AR 210 to the AR 230, and the multicast service data
1s delivered to the recervers via a tree.

After handing off, the MN 200 transmits a fast neighbor
advertisement (FNA) message to the AR 230 and notifies that
the MN 200 1s connected to the AR 230 (step 232). Upon
receiving the FNA message, the AR 230 delivers normal data,
which 1s forwarded from the AR 210, to the MN 200 (step
234). As used herein, the normal data may be any type of data
except multicast service data. In the case of step 234, the MN
200 acts as a normal receiver, not as a source node for pro-
viding a multicast service.

Operation for providing a multicast service according to
handoit of an MN according to a second embodiment of the
present invention will now be described.

As a source node, an MN 290 provides recervers with a
multicast service 1 a service region of an AR 270 (PAR).
When the MN 290 recognizes that it 1s to hand off from the
AR 270 to an AR 280 (NAR) while providing the multicast
service, 1t transmits/receives RtSolPr and PrRtAdv messages
to/from the AR 270 (step 272) to confirm whether or not the
AR 280 provides the multicast service.

As the MN 290 performs handoff, it transmits a FNA
message, which 1s created by encapsulating the FBU mes-
sage, to the AR 280 (step 282). By recerving the FNA mes-
sage, the AR 280 can obtain immformation on the receivers,
which are provided with the multicast service from the MN

290. Thereatter, the AR 280 notlﬁes the receivers via the AR
2770 that the MN 290 has handed off from the AR 270 to the
AR 280 (step 262). The MN 270 transmits multicast service
data after the AR 280 notifies the recetvers that the MN 290
has handed off from the AR 270 to the AR 280.

The AR 280 transmits/recerves the FBU message and a fast
binding acknowledgement message to/from the AR 270 and
sets up a tunnel (step 264). The AR 270 delivers normal data
for the MN 290 to the AR 280 via the tunnel (step 266). The
AR 280 delivers the normal data, which 1s forwarded from the
AR 270, to the MN 290 (step 284). In the case of step 284, the
MN 290 acts as a normal receiver, not as a source node for
providing a multicast service.

The handoif operation of an MN, which provides a multi-
cast service 1n a mobile IP communication system according
to first and second embodiments of the present invention, has
been described with reference to FIG. 2.

FIG. 3 shows the tlow of signals in a process for providing
a multicast service according to handoil of an MN, which
provides a multicast service 1n a mobile IP commumnication
system according to a first embodiment of the present inven-
tion (1.e. which uses a predictive fast handoil scheme).

Referring to FIG. 3, an MN 300, which 1s a source node for
providing a multicast service, transmits an RtSolPr message,
which solicits information for fast handoit, to a PAR 340 (step
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311). Uponreceiving the RtSolPr message from the MN 300,
the PAR 340 transmits a PrRtAdv message including infor-
mation on an NAR 370, to which the MN 300 1s about to hand
off, (1.e. nformation on whether the NAR 370 provides the
multicast service) to the MN 300 (step 313). The PrRtAdv 5

message has a format as shown 1n the following Table 1. The
PrRtAdv message 1s realized as a header of Internet control

message protocol version 6 (ICMPv6) fields.

TABLE 1 10
Type (8) Code (8): 0 Checksum (16)
Subtype (8) M Reserved (7) Identifier (16): copied from RtSolPr

In Table 1, the number in parentheses 1n each field refers to
the number of bits constituting the field, the “Iype” field
indicates the mobility protocol type of the currently-transmiut-
ted message, and the “Code” field has any of the following
meanings, based on the value (1-4) given to it:

1: the currently-transmitted PrRtAdv message 1s an unso-
licited message (1.e. 1t has not been solicited by the MN);

2: the currently-transmitted PrRtAdv message includes no
information on the NAR:

3: the currently-transmitted PrRtAdv message includes
information on the NAR, but the information 1s limited so as
to pertain only to the subset of an access point (AP) solicited
by the MN; and

4: the currently-transmitted PrRtAdv message includes
information on the subset of an AP, however, which 1s not a
handofl trigger.

In addition, the “Checksum” field indicates the checksum
of the PrRtAdv and the “Subtype” field indicates the subtype
of the currently-transmitted PrRtAdv. The “M” field in Table
1, which1s newly proposed by the present invention, indicates
whether or not the NAR provides the multicast service. When
the “M” field 1s given *“17, for example, 1t means that the NAR
can provide the multicast service and, when given “07, 1t
means that the NAR cannot provide the multicast service. The
“Reserved” field 1s reserved for future use and the “Identifier”
field indicates the same 1dentifier as included m the RtSolPr.

After receiving the PrRtAdv message from the PAR 340,
the MN 300 analyzes the M field included in the PrPtAdv
message so that 1t can recognize whether or not the NAR 370
can provide the multicast service. When 1t 1s confirmed that
the NAR 370 can provide the multicast service, the MN 300
adds the multicast service IP address of the multicast service
to the FBU message and transmuts it to the PAR 340.

The FBU message 1s used by the MN 300 to inform the
PAR 340 that traflic, 1.e. data, must be redirected to the NAR
3'70. Particularly, the FBU message authorizes the PAR 340 to
bind the previous care-of address (PCoA) and NCoA of the
MN 300 so that the data can tunnel 1nto the region, to which
the MN 300 has handed off.

The FBU message has a format as shown in following
Table 2 and 1s realized as a mobility header in IP fields.
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TABLE 2

Payload Proto (8) Header len (8)
Checksum (16)

A H L. K M S

MH type (8): 8

Reserved (10) Lifetime (16)

In Table 2, the number in parentheses 1n each field refers to
the number of bits constituting the field; the “Payload Proto™

field indicates the type of an IPv6 header connected after the 65
mobility header; the “Header len™ field indicates the length of

the FBU message 1n 8 octet unit, excluding the first 8 octets;
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the “MH” field 1s used to identify a mobility message; the
“Checksum” field indicates the checksum of the FBU mes-

sage; and the “Sequence” field indicates a sequence used by a
receiver to sequence a binding update (BU) message, as well
as by the source node to confirm that a binding acknowledge-
ment (BA) message corresponds to the BU message.

In Table 2, the “A (acknowledgement)” field indicates
whether or not the MN solicits a BA message from the
receiver; the “H (home registration)” field indicates whether
or notitis solicited that the receiver functions as a home agent
(HA) of the MN; the “L (link-local address compatibility)
field mndicates whether or not the home address of the MN has
the same interface as the link-local address of the MN; and the
“K (key management mobility capability)” field indicates
whether or not a manual IPsec configuration 1s used.

The “M” field, which 1s newly proposed by the present
invention, mndicates whether or not the MN provides the mul-
ticast service and the “S” field, which 1s also newly proposed
by the present mvention, indicates that the MN 1s a host for
providing the multicast service (1.e. the source node). When
the “M™ field 1s given ‘1”7, for example, 1t means that multicast
service mformation, such as multicast service option of the
FBU message (described later with reference to Table 3) 1s
included. As used herein, the multicast service information
refers to multicast service IP address of the multicast service
provided by the MN. The “M” and “S” fields are used to
construct a tree 1n such a manner that the MN acts as a source
and the multicast service IP address acts as a receiver. The
“Reserved” field 1s reserved for future use. The “Lifetime”
field indicates the number of remaining time units before
binding expires, and an example of time unit setting may be 4
seconds.

When the M bit of the FBU message has been set, 1.e. when
the “M” field of the FBU message 1s given “1”, multicast
service information must be included, and a multicast service
option mncluding such information has a format as shown 1n
following Table 3. This multicast service option 1s realized as
an option of mobility header similar to mobility option of
mobility header.

TABLE 3

Length (&) Number (8)
Multicast Address 1 (128)
Multicast Address 2 (128)

L1l

Type (8) Reserved (8)

Prior to descriptions with reference to Table 3, 1t 1s to be
noted that the MN can provide a number of multicast services
and the multicast service option of the FBU message, as
shown 1n Table 3, includes multicast service information on
cach of the multicast services. The multicast service option of
the FBU message 1s newly proposed by the present invention.
In Table 3, the number in parentheses 1n each field refers to the
number of bits constituting the field; the “Type” field 1ndi-
cates the type of the multicast service option of the FBU

Reserved (8)
Sequence (16)

message; the “L” field indicates the length of the multicast
service option of the FBU message; the “Number” field 1ndi-

cates the number of multicast service IP addresses included in
the multicast service option of the FBU message; the
“Reserved” field 1s reserved for future use; and the “Multicast
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Address” fields indicate an actual multicast service IP
address. It 1s assumed 1n Table 3 that the multicast service
option of the FBU message includes two multicast service 1P
addresses.

After recerving the FBU message from the MN 300, the
PAR 340 transmits an HI message, which indicates hande il
initiation of the MN 300, to the NAR 370 (step 317) The PAR
340 adds the multicast service option included 1n the FBU
message to the ICMPv6 multicast service option of the HI
message, so that the MN 300 can notify the NAR 370 that the
MN 300 1s the source node providing the multicast service.
The multicast service option of the HI message has a format

as shown in following Table 4. This option 1s located 1n
ICMPv6 fields.

TABLE 4
Type (8) Length (8) Sub-Type (8) Number (8)
S Reserved (127)

Multicast Address (128)
Multicast Address (128)

In Table 4, the number in parentheses 1n each field refers to
the number of bits constituting the field; the “IType” field
indicates the type of the multicast service option of the HI
message; the “Length” field indicates the length of the mul-
ticast service option of the HI message; the “Sub-Type” field
indicates the subtype of the multicast service option of the HI
message and, for example, 1s given “07; the “Number” field
indicates the number of multicast service IP addresses
included 1n the multicast service option ol the HI message; the

“S” field, which 1s newly proposed by the present invention,
indicates whether or not the MN 1s the source node of the
multicast service; the “Reserved” field 1s reserved for future
use; and the “Multicast Address” fields indicate an actual
multicast service IP address. It 1s assumed 1n Table 4 that the
multicast service option of the ICMPv6 header of the HI
message includes two multicast service IP addresses. The
multicast service IP addresses included in the multicast ser-
vice option of the HI message are identical to the multicast
service IP addresses included in the multicast service option
of the FBU message.

After receiving the HI message from the PAR 340, the
NAR 370 transmits an Hack message, which 1s an acknowl-
edgement message to the HI message, to the PAR 340 (step
319). The HACK message includes information on whether
or not an expectation NCoA, which 1s created by the MN 300,
can be used 1n 1ts current state, and information on whether or
not the NAR 370 can provide the multicast service, which 1s
currently provided by the MN 300. The HAck message has a

format as shown 1n following Table 5. This option 1s located
in ICMPvt6 fields.

TABLE 35
Type (8) Code (8) Checksum (8)
Subtype (8) S M Reserved (6) Identifier (16)

In Table 5, the number 1n parentheses in each field refers to
the number of bits constituting the field, the “IType” field
indicates an experimental mobility protocol type of the HAck
message, and the “Code” field has any of the following mean-
ings, based on the value given to 1t:

0: handoil 1s accepted, and the expectation NCoA created
by the MN 1s valid;

1: handoif 1s accepted, but the expectation NCoA created
by the MN 1s mvalid;

2: handoif 1s accepted, but the NCoA created by the MN
has already been allocated to another MN;
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3: handoil 1s accepted, and the NCoA created by the MN 1s
allocated to the MN;

4. handoif 1s accepted, but the expectation NCoA created
by the MN 1s not allocated to the MN;

5: handott 1s rejected for unclear reasons;

128: handoil 1s rejected by an administrator (1.e. adminis-
tratively prohibited); and

130: 1nsuilicient resources.

In Table 5, the “Checksum” field indicates the checksum of
the HAck message; the “Subtype” field indicates the subtype

of the HAck message and 1s given “35”; the “M” field, which
1s newly proposed by the present invention, indicates whether
or not the NAR can provide the multicast service currently
provided by the MN, 1.e. a multicast service corresponding to
the multicast service IP address included in the HI message
received from the PAR; the “S” field, which 1s also newly
proposed by the present imvention, indicates whether or not
the MN 1s the source node that prewdes the multicast service;
the “Reserved” field 1s reserved for future use; and the “Iden-
tifier” field indicates the same identifier as the message 1den-
tifier included 1n the HI message.

Although the HI message includes all necessary informa-

tion on multicast services which the MN 300 1s expected to
provided, as mentioned with reference to Table 4, the HACK
message solely informs via the “M” field whether or not the
MN 300 can provide a desired multicast service, as men-
tioned with reference to Table 5. Thus, when the NAR 370 can
provide only a part of the multicast services which the MN
300 1s expected to provide, the PAR 340 cannot be fully
notified of this situation with the “M” field. Therefore, the
HAck message 1n Table 5 can be modified to indicate Whether
or not each multicast service, which corresponds to multicast
service information included in the HAck message, can be
provided. This can be realized in one of the two following
schemes:

In a first scheme, the “Reserved” field in Table 5 1s used to
enlarge the “M” field 1n such a manner that 1t can accommo-
date the same number of bits as the number of multicast
services delivered via the HI message. For example, when the
HI messages include information on a total of 5 multicast
services, S “M” fields are created. It 1s to be noted that, since
the number of bits which the “Reserved” field can accommo-
date 1s limited, the number of the “M” fields can 1ncrease up
to no more than the number of bits that the “Reserved” field
can accommodate.

In a second scheme, the same multicast service option 1s
added to the HAck message as in the case of the HI message.
When this scheme 1s used, the NAR 370 can inform whether
or not i1t can provide each multicast service, which corre-
sponds to the multicast service information included 1n the HI
message. Alternatively, the NAR 370 can solely inform which

multicast service the MN 300 can provide.

After recerving the HAck message from the NAR 370, the
PAR 340 notifies recetvers, which are provided with the mul-
ticast service from the MN 300, that the MN 300 has handed
off from the PAR 340 to the NAR 370 (step 321). The PAR

340 notifies the receivers of the handott of the MN 300 using
its own IP address as a source IP address, the multicast service
IP address (1.e. recerver address) as a destinatien address and
the NCoA ofthe MN 300 as delivery information. The receiv-
ers recognize the handoif of the MN 300 and minimize time
delay so that multicast service data loss can be minimized.
Particularly, the MN 300 transmits multicast service data
after the PAR 340 notifies the receivers, which are provided
with the multicast service from the MN 300 that the MN 300
has handed off from the PAR 340 to the PAR 370, and the
multicast service data 1s delivered to the receivers via a tree.
The PAR 340 transmits a fast binding acknowledgement

(FBack) message, which 1s an acknowledgement message to
the FBU message, to the MN 300 and the NAR (steps 323 and
325). The FBack message has a format as shown in following
Table 6 and 1s realized as a mobaility header.
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TABLE 6
Payload Proto (8)  Header len (8)  MH type (8): 8
Checksum (16) Status (&) K S

Sequence Number (16) Lifetime (16)

In Table 6, the number in parentheses 1n each field refers to
the number of bits constituting the field; the “Payload Proto™
field indicates the type of an IPv6 header connected after the
mobility header of the FBACK message; the “Header len”
field indicates the length of the FBACK message 1n 8 octet

unit, excluding the first 8 octets; the “MH Type™ field indi-
cates a value used to 1dentily a mobility message (1.e. FBack
message); the “Checksum” field indicates the checksum of
the FBack message; The “Reserved” fields are reserved for
future use; and the “Status” field indicates whether or not
disposition of FBU has occurred.

The “K (key management mobaility capability)” field indi-

cates whether a manual IPsec configuration 1s used; the “M”
field, which 1s newly proposed by the present invention, indi-
cates whether or not the MN provides the multicast service, as
described with reference to Table 2; the “S” field, which 1s
also newly proposed by the present invention, indicates that
the MN 1s the host which provides the multicast service (1.¢.
source node); the “Sequence Number” field indicates a
sequence number for confirming that the FBack message
corresponds to the FBU message; and the “Lifetime”™ field
indicates the number of remaining time units before the
FBack message expires, so that receivers of the FBACK mes-
sage have binding information for traffic redirection.

Although not separately shown in FIG. 3, when the MN
300 has already been disconnected from the PAR 340, the
NAR 370 must notity the recervers of the handoif of the MN
300. In this case, the NAR 370 transmuits packet data using the
PCoA of the MN 300 as a source IP address, the multicast
service IP address as areception address, and the NCoA of the
MN 300 as data. Particularly, the packet data, namely infor-
mation about NCoA of the MN 1s encapsulated and transmit-
ted to the PAR 340 using the NAR 370 as a transmitter and the
PAR 340 as a receiwver. Upon receiving the packet data,
namely information about NCoA of the MN, from the NAR
370, the PAR 340 de-encapsulates 1t and transmits the NCoA
information of the MN 300 to final receivers, 1.e. receivers
which are provided with the multicast service from the MN
300.

After receiving the FBack message from the PAR 340, the
MN 300 1s disconnected from the PAR 340, which transmits
normal data recerved from the MN 300 to the NAR 370 (step
327). In this case, the MN 300 functions as a normal receiver,
not a source node which provides a multicast service.

The MN 300 transmits an FNA message to the NAR 370
(step 329). This 1s for the purpose of mnforming that the MN
300 has received the FBack message from the PAR 340 to
confirm an NCoA and has been connected to the NAR 370.
The MN 300 transmits a mobility header multicast service
option of the FNA message to notify that the MN 300, which
1s a source node for providing a multicast service, has been
connected to the NAR 340. The mobility header multicast

service option of the FNA message 1s given 1n the following
Table 7.

TABLE 7

Length (8) Number (&)
Multicast Address (128)
Multicast Address (128)

Type (8): TBA Reserved (8)

Reserved (&)
M Reserved (6)
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The multicast service option of the FNA message 1s newly
proposed by the present invention. In Table 7, the number 1n

parentheses 1n each field refers to the number of bits consti-
tuting the field; the “IType” field indicates the type of the
multicast service option of the FNA message; the “Length”
field indicates the length of the multicast service option of the
FNA message; the “Number” field indicates the number of
multicast service IP addresses included in the multicast ser-
vice option of the FNA message; the “Reserved” field 1s
reserved for future use:; and the “Multicast Address” fields
indicate an actual multicast service IP address.

After recerving the FNA message from the MN 300, the
NAR 370 transmits normal data, which 1s received from the
PAR 340, to the MN 300 (step 331). In this case, the MN 300
functions as a normal recerver, not a source node for provid-
ing a multicast service.

The operation for providing a multicast service according,
to handoff of an MN, which provides a multicast service 1n a
mobile IP communication system according to the first
embodiment of the present invention, has been described with
reference to FIG. 3.

FIG. 4 1s a flowchart showing the operation of the MN 300
shown in FIG. 3. Referring to FIG. 4, the MN 300 checks
whether the MN 300 1s providing a multicast service 1n step
411. When 1t 1s confirmed after the check that the MN 300 i1s
not providing any multicast service, 1t proceeds to step 413. In
step 413, the MN 300 performs normal fast handoif operation
and ends 1t, since the MN 300 provides no multicast service.

When 1t 1s confirmed after the check 1n step 411 that the
MN 300 1s providing a multicast service, the MN 300 pro-
ceeds to step 4135. In step 415, the MN 300 checks whether or
not the NAR 370, to which 1t 1s about to hand off, can provide
the multicast service that 1s currently provided by the MN 300
as a source node. The check result of whether or not the NAR
370 can provide the multicast service which 1s provided by
the MN 300 as a source node 1s known via the “M” field of the
PrRtAdv message. When 1t 1s confirmed after the check that
the NAR 370 cannot provide the multicast service which 1s
provided by the MN 300 as a source node, the MN 300
proceeds to step 413.

When 1t 1s confirmed after the check 1n step 413 that the
NAR 370 can provide the multicast service which is provided
by the MN 300 as a source node, the MN 300 proceeds to step
417. In step 417, the MN 300 adds information on the multi-
cast service which 1s provided by the MN 300 to the FBU
message and transmits 1t to the NAR 370. Thereatter, the MN
300 proceeds to step 419. In step 419, when the PAR 340
receives a HAck message from the NAR 370, it transmits the
NCoA of the MN 300 included in the HAck message to
receivers, which are provided with the multicast service from
the MN 300, so that they are notified that the MN 300 has
handed off from the PAR 340 to the NAR 370. The notifica-
tion of handoil of the MN 300 1s performed 1n one of two
schemes, depending on whether the MN 300 1s disconnected
from the PAR 340, as described with reference to FIG. 3, and
repeated description thereof will be omitted herein.

The operation of the MN 300 shown 1n FIG. 3 has been
described with reference to FIG. 4.

FIG. 5 shows the tlow of signals 1n a process for providing
a multicast service according to handoil of an MN, which
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provides a multicast service 1n a mobile IP communication
system according to a second embodiment of the present
invention (1.e. which uses a reactive fast handoil scheme).

Prior to the description of FIG. §, 1t 1s to be noted that the
process for providing a multicast service according to handoif
of an MN, which provides a multicast service 1n a mobile IP
communication system according to a second embodiment of
the present invention, has the same steps as those of a con-
ventional process for providing a multicast service according,
to fast handoil 1n a reactive fast handoil scheme, except that,
when a FBU message (which 1s created by encapsulating a
FNA message) 1s transmitted, a multicast service option of a
mobility header 1s used to transmit multicast information.

Referring to FIG. 5, an MN 500, which 1s a source node for
providing a multicast service, transmits an RtSolPr message,
which solicits information for fast handoif, to a PAR 540 (step
511). Uponrecerving the RtSolPr message from the MN 500,
the PAR 540 transmits a PrRtAdv message including infor-
mation on an NAR 570, to which the MN 500 1s about to hand
off (1.e. mformation on whether or not the NAR 570 can
provide the multicast service), to the MN 3500 (step 513). As
described with reference to Table 1, the PrRtAdv message
uses an M field, which 1s newly proposed by the present
invention, to indicate whether or notthe NAR 570 can provide
the multicast service.

After receiving the PrRtAdv message from the PAR 540,
the MN 500 1s disconnected from the PAR 540. When the MN
500 fails to recerve an FBack message from the PAR 540, 1.¢.,
when the MN 500 has not transmitted an FBU message to the
PAR 540 and cannot receive an FBack message from 1t, or
when the MN 500 has transmitted an FBU message to the
PAR 3540 but 1s disconnected from it before receiving an
FBack message, the MN 3500 transmits an FNA message,
which 1s created by encapsulating the FBU message, to the
NAR 570 (step 515). The FBU message has already been

described with reference to Table 2, and repeated description
thereol will be omitted for sake of clanty.

The transmission of the FNA message 1s performed to
coniirm whether an NCo A, which 1s newly created by the MN
500, can be used by the NAR 570. When the NCoA newly

created by the MN 500 has already been allocated to and used
by the NAR 570, the NAR 570 must delete packet data of the
FBU message and transmit another NCoA, which 1s to be
used by the MN 500, via a router advertisement (RA) after
setting a neighbor advertisement acknowledgement
(NAACK) option.

After recerving the FNA message from the MN 500, the
NAR 570 notifies recervers, which are provided with a mul-
ticast service from the MN 500, that the MN 500 has handed
oif from the PAR 540 to the NAR 570. In this case, the NAR
570 transmits packet data using the PCoA of the MN 300 as
a source address, the multicast service IP address as a recep-
tion address, and the NCoA as data. Particularly, the packet
data, namely information about NCoA of the MN, 1s encap-
sulated and transmitted to the PAR 540 using the NAR 570 as
a transmitter and the PAR 540 as a receiver. Upon receiving
the packet data, namely information about NCoA of the MN,
the PAR 540 de-encapsulates 1t and transmits 1t to final rece1v-
ers, 1.e. recervers which are provided with the multicast ser-
vice from the MN 300 (step 517). The NAR 570 notifies the
receivers of the handoil of the MN 500 and transmits an FBU
message to the PAR 540 (step 519). As mentioned above, the
FBU message notifies that data must be transmitted to the
NAR 570, because the MN 500 1s connected to the NAR 570.
Particularly, the FBU message authorizes the PAR 540 to bind
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the PCOA and NCOA of the MN 500, so that data can tunnel
into the NAR 570 (1.e. region mnto which the MN 500 has
moved).

After receving the FBU message from the NAR 570, the
PAR 540 transmits an FBACK message, which 1s an acknowl-
edgement message to the FBU message, to the NAR 570 (step
521). The PAR 3540 transmits normal data, which 1s recerved
by the MN 500, to the NAR 570 (step 523). The NAR 570
transmits the normal data, which 1s forwarded from the PAR
540, to the MN 500 (step 3525). In the case of steps 523 and
525, the MN 500 acts as a normal receiver, not a source node
for providing a multicast service.

The operation for providing a multicast service according,
to handoif of an MN, which provides a multicast service 1n a
mobile IP communication system according to the second
embodiment of the present invention, has been described with
reference to FIG. 5.

FIG. 6 1s a flowchart showing operation of the MN 500
shown 1n FIG. §.

Reterring to FIG. 6, the MN 500 checks whether the MN
500 1s providing a multicast service 1in step 611. When 1t 1s
confirmed after the check that the MN 300 1s not providing
any multicast service, it proceeds to step 613. In step 613, the
MN 500 performs normal fast handoif operation and ends 1t,
since the MN 500 provides no multicast service.

When 1t 1s confirmed after the check 1n step 611 that the
MN 500 1s providing a multicast service, the MN 500 pro-
ceeds to step 6135. In step 615, the MN 500 checks whether or
not the NAR 570, to which 1t 1s about to hand off, can provide
the multicast service that 1s currently provided by the MN 500
as a source node. The check result of whether the NAR 570
can provide the multicast service which 1s provided by the
MN 3500 as a source node 1s known via the “M” field of the
PrRtAdv message. When 1t 1s confirmed after the check that
the NAR 570 cannot provide the multicast service which 1s
provided by the MN 500 as a source node, the MN 500
proceeds to step 613.

When 1t 1s confirmed after the check 1n step 615 that the
NAR 570 can provide the multicast service which is provided
by the MN 500 as a source node, the MN 500 proceeds to step
617. In step 617, the MN 500 transmits information on the
FNA message, which 1s created by encapsulating the FBU
message, to the NAR 570 and notifies information on the
multicast service provided by the MN 500. Thereafter, the
MN 500 proceeds to step 619. In step 619, the NAR 570
transmits the NCOA of the MN 500, which 1s included 1n the
FBU message within the FNA message, to recervers, which

are provided with the multicast service from the MN 300, so
that they are notified that the MN 500 hands off from the PAR

540 to the NAR 570.

The present mmvention 1s advantageous in that when a
source node for providing a multicast service in a mobile IP
communication system hands off, a tree 1s reconstructed at
high speed to provide the multicast service. This minimizes
time delay caused by handoil of the source node and tree
reconstruction. As a result, multicast service data loss 1s mini-
mized. Accordingly, overall performance and service quality
of the mobile IP communication system improves.

While the invention has been shown and described with
reference to certain preferred embodiments thereot, 1t will be

understood by those skilled 1n the art that various changes in
form and details may be made therein without departing from
the spirit and scope of the mvention as defined by the
appended claims.
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What 1s claimed 1s:
1. A method for providing a multicast service when a
Mobile Node (MN) performs handoif from a first Access
Router (AR)to a second AR 1n a mobile Internet Protocol (IP)
communication system including the first AR and second AR,
the MN being a source node for providing the multicast
service to a number of recetvers and currently performing
communication with the first AR, the second AR being dii-
terent from the first AR, the method comprising the steps of:
sending a request for information for fast handoil from the
MN to the first AR

sending a notification from the first AR to the MN 1ndicat-
ing whether the second AR can provide the multicast
service 1n response to the fast handoil information
request;

sending a notification from the MN to the first AR indicat-

ing that the second AR must transmit subsequently-
occurring multicast service data, after the MN 1s notified
whether the second AR can provide the multicast ser-
vice;

sending a notification from the first AR to the second AR

indicating handoil nitiation of the MN when the first AR
1s notified that the second AR must transmit subse-
quently-occurring multicast service data;

sending a notification from the second AR to the first AR

indicating handoif initiation notification acknowledge-
ment, after the second AR 1s notified of the handoif
1nitiation:
sending a notification from the first AR to the receivers
indicating that the MN has performed handoil from the
first AR to the second AR, when the first AR 1s notified of
the handofl mitiation notification acknowledgement so
that the recervers are controlled to join a new multicast
tree to be provided with the multicast service;
sending a notification from the first AR to the receivers
indicating that the second AR will transmit the multicast
service data to the MN and the second AR, after the first
AR notifies the receivers of the handoit of the MN;

delivering normal data from the first AR to the second AR
aiter the first AR notifies the second AR that the second
AR will transmit the multicast service data, the normal
data including reception multicast other than the multi-
cast service data recerved at the MN as a target;

sending a notification from the MN to the second AR
indicating that the MN has been disconnected from the
first AR and connected to the second AR, after the MN 1s
notified that the second AR will transmit the multicast
service data; and

torwarding the normal data from the second AR to the MN

when the second AR 1s notified by the MN that the MN
has been connected to the second AR.

2. The method as claimed in claim 1, further comprising a
step of transmitting the multicast service data from the MN to
the recetvers when the first AR notifies the recervers of the
handoil of the MN so that the receivers are controlled to
receive the multicast service data via the reconstructed tree.

3. The method as claimed in claim 1, wherein, 1n the step of
sending a notification from the MN to the first AR indicating
that the second AR must transmit subsequently-occurring
multicast service data, the first AR 1s notified that the second
AR must transmit subsequently-occurring multicast service
data together with information indicating that the MN 1s the
source node for providing the multicast service and multicast
service information on the multicast service.

4. The method as claimed 1n claim 3, wherein the multicast
service mnformation includes a multicast service IP address of
the multicast service.
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5. The method as claimed 1n claim 1, wherein, 1n the step of
sending the notification from the first AR to the second AR
indicating handoil mnitiation of the MN, the second AR 1s
notified of the handoil mnitiation of the MN together with
information indicating that the MN 1s the source node for
providing the multicast service and multicast service infor-
mation on the multicast service.

6. The method as claimed 1n claim 5, wherein the multicast
service mnformation includes a multicast service IP address of
the multicast service.

7. The method as claimed 1n claim 6, further comprising the
steps of:

detecting disconnection of the MN from the first AR at the

second AR after the second AR 1s notified of the handoif

initiation of the MN:;

setting a previous care-of address of the MN as a source IP
address and the multicast service IP address as a desti-
nation IP address at the second AR after the second AR
detects disconnection of the MN from the first AR, cre-
ating packet data having a new care-of address of the
MN set as data, encapsulating the packet data with the
second AR as a transmitter of the packet data and the first
AR as a receiver of the packet data and transmitting the
packet data to the first AR; and

recerving the packet data from the second AR at the first

AR, de-encapsulating the packet data and transmitting
the new care-of address of the MN to the receivers to
notity that the MN has performed handoil from the first
AR to the second AR.

8. The method as claimed 1n claim 5, wherein, 1n the step of
sending the notification from the second AR to the first AR
indicating handoil mitiation notification acknowledgement,
the first AR 1s notified of the handoil 1nitiation notification
acknowledgement together with information regarding
whether a multicast service corresponding to the multicast
service information can be provided.

9. The method as claimed in claim 8, wherein the multicast
service mnformation includes a multicast service IP address of
the multicast service.

10. The method as claimed 1n claim 9, wherein, 1n the step
of sending the notification to the receivers indicating that the
MN has performed handoil from the first AR to the second
AR, an IP address of the first AR 1s set as a destination IP
address and a new case of address of the MN 1is set as the
multicast service IP address to notify the receivers of the
handoil of the MN.

11. The method as claimed 1n claim 1, wherein, 1n the step
ol sending the notification to the second AR that the MN has
been disconnected from the first AR and connected to the
second AR, the second AR 1s notified of disconnection of the
MN together with multicast service information on the mul-
ticast service.

12. The method as claimed 1n claim 11, wherein the mul-
ticast service information includes a multicast service IP
address of the multicast service.

13. A method for providing a multicast service when an
MN performs handoif from a first AR to a second AR 1n a
mobile IP communication system including the first AR and
second AR, the MN being a source node for providing the
multicast service to a number of receivers and currently per-
forming communication with the first AR, the second AR
being different from the first AR, the method comprising the
steps of:

sending a request for mformation for fast handoif to the

first AR when recognizing that handoil from the first AR
to the second AR 1s necessary;
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receiving notification of whether the second AR can pro-
vide the multicast service from the first AR alter request-
ing the information for fast handoff;

sending a notification to the first AR indicating that the
second AR must transmit subsequently-occurring mul-
ticast service data, after recerving the notification indi-
cating whether the second AR can provide the multicast
service;

sending a notification from the second AR to the first AR
indicating transmission of the second AR, after notify-
ing the first AR that the second AR must transmit sub-
sequently-occurring multicast service data;

sending a notification to the receivers indicating that the
MN has performed handoif from the first AR to the
second AR after notifying the first AR of transmission of
the second AR, and transmitting the multicast service
data from the MN to the receivers so that the receivers
are controlled to receive the multicast service data via a
new multicast tree re-joined by the recervers;

sending a notification from the first AR to the receivers
indicating that the second AR will transmit the multicast
service data to the MN and the second AR, after the first
AR notifies the receivers of the handoit of the MN;

delivering normal data from the first AR to the second AR
aiter the first AR notifies the second AR that the second
AR will transmit the multicast service data, the normal
data including reception multicast other than the multi-
cast service data recerved at the MN as a target;

sending a notification from the MN to the second AR
indicating that the MN has been disconnected from the
first AR and connected to the second AR, after the MN 1s
notified that the second AR will transmit the multicast
service data; and

forwarding the normal data from the second AR to the MN
when the second AR 1s notified by the MN that the MN

has been connected to the second AR.

14. The method as claimed 1n claim 13, further comprising
the steps of:

receiving notification that the second AR will transmit the

multicast service data from the first AR, after notifying
the first AR that the second AR must transmit subse-
quently-occurring multicast service data;

sending a notification of disconnection from the first AR

and completion of connection to the second AR, after
receiving notification that the second AR will transmait
the multicast service data; and

receiving delivery of normal recerved data from the second

AR after notitying of completion of connection to the
second AR, the normal recerved data including received
multicast data, unicast data, or any-cast data other than
the transmitted multicast service data.

15. The method as claimed 1n claim 14, wherein, in the step
of sending the notification to the first AR that the second AR
must transmit subsequently-occurring multicast service data,
the first AR 1s notified that the second AR must transmit
subsequently-occurring multicast service data together with
information indicating that the MN 1s the source node for
providing the multicast service and multicast service infor-
mation on the multicast service.

16. The method as claimed 1n claim 14, wherein the mul-
ticast service information includes a multicast service IP
address of the multicast service.

17. The method as claimed 1n claim 14, wherein, in the step
of sending the notification of disconnection from the first AR
and completion of connection to the second AR, connection
to the second AR 1s notified together with multicast service
information on the multicast service.
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18. The method as claimed 1n claim 17, wherein the mul-
ticast service information includes a multicast service IP
address of the multicast service.
19. A method for providing a multicast service when an
MN performs handoif from a first AR to a second AR 1n a
mobile IP communication system 1ncluding the first AR and
second AR, the MN being a source node for providing the
multicast service to a number of receivers and currently per-
forming communication with the first AR, the second AR
being different from the first AR, the method comprising the
steps of:
sending a request for information for fast handoil from the
MN to the first AR;

sending a notification from the first AR to the MN 1ndicat-
ing whether the second AR can provide the multicast
service 1n response to the fast handoil information
request;

disconnecting the MN from the first AR and setting up

connection of the MN to the second AR, after the MN 1s
notified whether the second AR can provide the multi-
cast service:
sending a notification from the MN to the second AR
indicating that the MN has been disconnected from the
first AR and connected to the second AR together with
information indicating that the second AR must transmat
subsequently-occurring multicast service data to the
first AR, after setting up connection of the MN to the
second AR;
sending a notification from second AR to the recervers that
the MN has performed handoff from the first AR to the
second AR, after the second AR 1s notified that the MN
has been connected to the second AR, so that the receiv-
ers are controlled to reconstruct a tree to be provided
with the multicast service; and
transmitting the multicast service data from the MN to the
receivers when the second AR notifies the receivers that
the MN has performed handoff from the first AR to the
second AR so that the recervers are controlled to receive
the multicast service data via the reconstructed tree;

wherein the notification indicating that the second AR must
transmit subsequently-occurring multicast service data
to the first AR includes information indicating that the
MN 1s the source node for providing the multicast ser-
vice and multicast service information on the multicast
service.

20. The method as claimed 1n claim 19, further comprising
the steps of:

sending a notification from the second AR to the first AR

indicating that the second AR must transmit subse-
quently-occurring multicast service data, after the sec-
ond AR notifies the receivers that the MN has performed
handoff from the first AR to the second AR;

sending a notification from the first AR to the second AR

indicating that the second AR will transmit the multicast
service data after the first AR 1s notified that the second
AR must transmit subsequently-occurring multicast ser-
vice data;

delivering normal data from the first AR to the second AR,

after the first AR notifies the second AR that the second
AR will transmit the multicast service data, the normal
data including reception multicast other than the multi-
cast service data recerved at the MN as a target; and
torwarding the normal data from the second AR to the MN.

21. The method as claimed 1n claim 20, wherein, 1n the step
of sending the notification from the second AR to the first AR
indicating that the second AR must transmit subsequently-
occurring multicast service data, the first AR 1s notified that
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the second AR must transmit subsequently-occurring multi-
cast service data together with information indicating that the
MN 1s the source node for providing the multicast service and
multicast service information on the multicast service.

22. The method as claimed 1n claim 21, wherein the mul-
ticast service information includes a multicast service IP
address of the multicast service.

23. The method as claimed 1n claim 19, wherein the mul-
ticast service mformation includes a multicast service IP
address of the multicast service.

24. The method as claimed 1n claim 23, wherein the step of
sending the notification from the second AR to the recervers
indicating that the MN has performed handoil from the first
AR to the second AR comprises:

setting a previous care-of address of the MN as a source IP

address, the multicast service IP address as a destination
IP address and a new care-of address of the MN as data
to create packet data, encapsulating the packet data with
the second AR as a transmitter of the packet data and the
first AR as a receiver of the packet data, and transmitting

the packet data to the first AR; and

receiving the packet data from the second AR at the first
AR, de-encapsulating the received packet data and
transmitting the new care-of address of the MN to the
receivers to notify that the MN has performed handoif
from the first AR to the second AR.

25. A method for providing a multicast service when an
MN performs handoif from a first AR to a second AR 1n a
mobile IP communication system including the first AR and
second AR, the MN being a source node for providing the
multicast service to a number of receivers and currently per-
forming communication with the first AR, the second AR
being different from the first AR, the method comprising the
steps of:

sending a request for imformation for fast handoil to the

first AR when recognizing that handoil from the first AR
to the second AR 1s necessary;

receiving a notification indicating whether the second AR

can provide the multicast service from the first AR after
requesting the fast handoil information;
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performing disconnection from the first AR and setup of
connection to the second AR after receiving notification
of whether the second AR can provide the multicast
service, and notifying the second AR of disconnection
from the first AR and completion of connection to the
second AR together with information indicating that the
second AR must transmit subsequently-occurring mul-
ticast service data to the first AR;
sending a notification from the second AR to the receivers
indicating that the MN has performed handoil {from the
first AR to the second AR after being notified that the
MN has been connected to the second AR, and transmit-
ting the multicast service data to the receivers so that the
receivers are controlled to receive the multicast service
data via a new multicast tree rejoined by the receivers;
and
transmitting the multicast service data from the MN to the
rece1vers when the second AR notifies the receivers that
the MN has performed handoif from the first AR to the
second AR so that the recervers are controlled to receive
the multicast service data via the reconstructed tree;

wherein the notification indicating that the second AR must
transmit subsequently-occurring multicast service data
to the first AR includes information indicating that the
MN 1s the source node for providing the multicast ser-
vice and multicast service information on the multicast
service.

26. The method as claimed 1n claim 25, wherein the infor-
mation indicating that the second AR must transmit subse-
quently-occurring multicast service data to the first AR
includes information indicating that the MN 1s the source
node for providing the multicast service and multicast service
information on the multicast service.

27. The method as claimed 1n claim 26, wherein the mul-
ticast service information includes a multicast service IP
address of the multicast service.
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